
1 
 

 
 

Supplementary Materials 
 

Amine-catalyzed Decarboxylative Aldol Reaction of 

b-Ketocarboxylic Acids with Trifluoropyruvates 

 

Ryouta Kawanishi1, Shinya Hattori1 Seiji Iwasa1, 
Kazutaka Shibatomi1* 

 
1 Department of Applied Chemistry and Life Science, Toyohashi University of 

Technology, 1-1 Hibarigaoka, Tempaku-cho, Toyohashi 441-8580, Japan 
 

* Correspondence: shiba@chem.tut.ac.jp 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table of Contents 

1H, 13C, and 19F NMR spectra of compound 2......................................2 

HPLC traces of compound 2................................................................27 



2 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
-0

.0
3

-0
.0

2
-0

.0
1

0
0.

01
0.

02
0.

03
0.

04
0.

05
0.

06
0.

07
0.

08
0.

09
0.

1
0.

11
0.

12
0.

13

X : parts per Million : Carbon13
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0



3 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

X : parts per Million : Carbon13
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0



4 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0
11

0.
0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



5 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0

ab
un

da
nc

e
0

0.
02

0.
04

0.
06

0.
08

0.
1

0.
12

0.
14

0.
16

0.
18

0.
2

0.
22

0.
24

0.
26

0.
28

0.
3

X : parts per Million : Carbon13
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0



6 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



7 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

X : parts per Million : Carbon13
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0



8 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0
11

0.
0

12
0.

0
13

0.
0

14
0.

0
15

0.
0

16
0.

0
17

0.
0

18
0.

0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



9 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

X : parts per Million : Carbon13
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0



10 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
-3

0.
0

-1
0.

0
10

.0
30

.0
50

.0
70

.0
90

.0
11

0.
0

13
0.

0
15

0.
0

17
0.

0
19

0.
0

21
0.

0
23

0.
0

25
0.

0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



11 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

1.
5

X : parts per Million : Carbon13
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0



12 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0
11

0.
0

12
0.

0
13

0.
0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



13 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

13
.0

14
.0

15
.0

16
.0

17
.0

18
.0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

X : parts per Million : Carbon13
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0



14 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
-1

0.
0

10
.0

30
.0

50
.0

70
.0

90
.0

11
0.

0
13

0.
0

15
0.

0
17

0.
0

19
0.

0
21

0.
0

23
0.

0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



15 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2.
2

2.
3

2.
4

2.
5

2.
6

2.
7

2.
8

2.
9

3.
0

3.
1

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

X : parts per Million : Carbon13

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

21
2.

10
4

20
9.

95
8

17
0.

32
6

14
0.

27
1

13
7.

43
8

13
7.

23
8

13
1.

38
1

13
0.

85
6

12
8.

69
1

12
8.

47
2

12
8.

13
8

12
7.

78
5

12
6.

70
7

12
6.

66
0

12
4.

99
0

12
4.

95
2

12
2.

69
2

81
.5

43
81

.3
24

80
.3

61
80

.1
41

79
.9

31
77

.3
85

77
.1

37
76

.8
79

57
.9

55
56

.1
71

54
.3

02
53

.9
97

34
.1

09
32

.4
31

32
.1

73
30

.3
89

23
.2

74
22

.8
06

19
.5

16
18

.7
91

0.
07

7



16 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
-1

0.
0

0
10

.0
20

.0
30

.0
40

.0
50

.0
60

.0
70

.0
80

.0
90

.0
10

0.
0

11
0.

0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



17 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

X : parts per Million : Carbon13
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0



18 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
-1

0.
0

0
10

.0
20

.0
30

.0
40

.0
50

.0
60

.0
70

.0
80

.0
90

.0
10

0.
0

11
0.

0
12

0.
0

13
0.

0
14

0.
0

15
0.

0
16

0.
0

17
0.

0
18

0.
0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



19 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

13
.0

14
.0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

1.
5

1.
6

1.
7

1.
8

1.
9

2.
0

2.
1

2.
2

2.
3

2.
4

2.
5

2.
6

2.
7

X : parts per Million : Carbon13
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0



20 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
-1

0.
0

10
.0

30
.0

50
.0

70
.0

90
.0

11
0.

0
13

0.
0

15
0.

0
17

0.
0

19
0.

0
21

0.
0

23
0.

0
25

0.
0

27
0.

0
29

0.
0

31
0.

0

X : parts per Million : Fluorine19
0 -10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



21 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

13
.0

14
.0

15
.0

16
.0

17
.0

18
.0

X : parts per Million : Proton
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

1.
2

1.
3

1.
4

1.
5

X : parts per Million : Carbon13
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0



22 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0
11

0.
0

12
0.

0
13

0.
0

14
0.

0
15

0.
0

16
0.

0
17

0.
0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



23 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

10
.0

11
.0

12
.0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

ab
un

da
nc

e
-0

.0
1

0.
01

0.
03

0.
05

0.
07

0.
09

0.
11

0.
13

0.
15

0.
17

0.
19

0.
21

0.
23

0.
25

X : parts per Million : Carbon13
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0



24 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
-2

0.
0

-1
0.

0
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0
11

0.
0

12
0.

0
13

0.
0

14
0.

0
15

0.
0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



25 
 

 
1H NMR spectrum 

 
13C NMR spectrum 

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

5.
0

6.
0

7.
0

8.
0

9.
0

X : parts per Million : Proton
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0

ab
un

da
nc

e
0

1.
0

2.
0

3.
0

4.
0

X : parts per Million : Carbon13
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0



26 
 

 
19F NMR spectrum 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab
un

da
nc

e
-2

0.
0

-1
0.

0
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0
11

0.
0

12
0.

0
13

0.
0

14
0.

0

X : parts per Million : Fluorine19
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0 -80.0 -90.0 -100.0 -110.0 -120.0 -130.0 -140.0 -150.0 -160.0 -170.0 -180.0 -190.0



27 
 

Methyl 3,3,3-trifluoro-2-hydroxy-2-(2-methyl-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)propanoate(2a) 
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Ethyl 3,3,3-trifluoro-2-hydroxy-2-(2-methyl-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)propanoate(2b) 

 

 

 
 

 

 
 
 
 
 
 



29 
 

Methyl 2-(7-bromo-2-methyl-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)-3,3,3-trifluoro-2-hydroxy propano 

ate (2c) 
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Methyl 2-(2-allyl-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)-3,3,3-trifluoro-2-hydroxypropanoate (2d) 
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Methyl 3,3,3-trifluoro-2-hydroxy-2-(2-methyl-1-oxo-2,3-dihydro-1H-inden-2-yl)propanoate (2e) 

 

 

 
 

 

 
 
 
 
 
 
 



32 
 

Methyl 3,3,3-trifluoro-2-hydroxy-2-(6-methyl-5-oxo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-6- 
yl)propanoate (2g) 
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Methyl 2-hydroxy-3,3-dimethyl-4-oxo-4-phenyl-2-(trifluoromethyl)butanoate (2i) 

 

 

 

 

 

 

 
 
 
 
 
 
 
 



34 
 

Methyl 3,3,3-trifluoro-2-(2-fluoro-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)-2hydroxypropanoate (2j) 

major isomer 
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Methyl 3,3,3-trifluoro-2-(2-fluoro-1-oxo-1,2,3,4-tetrahydronaphthalen-2-yl)-2-hydroxypropanoate (2j) 
minor isomer 

 

 

 

 

 

 

 


